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Abstract 
This paper investigates the flowability properties of Labisia pumila (L. pumila) powder. Material properties of the powder and 
their influence on flowability were discussed. L. pumila, a popular Malaysian herb with therapeutic and medicinal functions was 
compressed into tablets using a stainless steel cylindrical uniaxial die with 13 mm diameter and compaction pressures of 7 to 25 
MPa. Two feed weights, 0.5 and 0.7 g were used to form tablets. Compaction strength and density increased as compaction 
pressure increased resulting in tablets porosity reduction. Cohesion index, flow stability and caking strength were also 
determined to enhance the understanding of flowability properties of the L. pumila powder.  
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1. Introduction 
There is a rising global need for herbs due to their medicinal, nutritional, cosmetic and economic benefits (Aziz et 
al., 2004). Generally, the usage of herbs for therapeutic and biochemical functions are being enhanced in powder 
forms in pharmaceutical industries (Aziz et al., 2005; Ahmad and Asmawi, 1993; Navaneethan et al., 2005; Li et al., 
2004). Herbal powders often have very fine particle size ranges giving rise to problems in the course of their 
industrial processing (Schulze, 2008; Aulton, 2009). Hence, proper understanding of flow behavior of herbal 
powders is necessary to combat problems such as stoppages or poor quality products that may result from powder  
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flowability. 
Operations like blending, compression, filling, transportation and scaling up processes require reliable predictions 
of flow behavior of herbal powders to avoid losses in terms of cost, time and wastage (Rasanen et al., 2003). Labisia 
pumila (L. pumila) is one of the abundant herbs found in Malaysia, Indonesia and Thailand with several medicinal 
and nutritional benefits (Sunamo, 2005). L. pumila can be used to enhance child birth, contract birth canal, tone 
abdominal muscles and regain body strength respectively in delivery mothers (Chua et al., 2012). L. pumila can also 
be used to treat menstrual abnormalities, dysentery, rheumatism and gonorrhea (Burkill, 1996). It contains phenols, 
flavonoids and antioxidants (Chua et al., 2012). The aim of this research was to characterize the flow properties of L. 
pumila herbal powders in order to enhance its usage. Material properties such as moisture content, particle size, 
densities, Carr (Carr, 1965) index, Hausner (Hausner, 1967) ratio and tablets surface roughness were determined. 
Cohesion index, compaction strength and caking strength of L. pumila herbal powders were also investigated. 
2. Materials and methods 
2.1. Materials   
L. pumila herbal powder was gotten from Ethno Resources, Sungai buloh, Malaysia. L. pumila herbal water 
extract was freeze dried to obtain its powder. Particle size analyzer (Malvern instruments Ltd, Worcestershire, UK), 
was used to carry out particle size analysis on L. pumila powder. About 5ml of powder was used for each 
measurement and particle size distributions were recorded. Samples were measured in triplicate and results are 
presented in Table 1. Particles shape was measured using a scanning electron microscope (SEM), (Hitachi S-3400N, 
High Technologies America Inc., California, USA). SEM image is shown in Fig. 1 at 300× magnification. A digital 
moisture analyzer (OHAUS MB45, UK), was used to measure the moisture content of L. pumila powder weighed to 
1.0 ± 0.01g in a sample plate in triplicate. The result is given in Table 1. 
 
2.2. Bulk and tapped densities 
 
Density of the powder was measured to ensure the compression properties of the herbal powder. Carr Index 
(Carr, 1965) and the Hausner Ratio (Hausner, 1967) were calculated from measurements of  bulk and tapped 
densities in order to understand the tabletting characteristics of the powder upon compression. The result for density 
measurement is given in Table 1. A 100 ml graduated cylinder of 30 mm diameter was filled with the powder to 
approximately the 70 ml mark, and the volume was then recorded. The bulk density,ߩ௕  was calculated using: 
 
        ߩ௕ ൌ ெ௏ ሺͳሻ         
Where, M denotes the mass of the feed powder and V denotes the volume of the powder bed. 
 A cylindrical vessel packed with L. pumila powder was tapped to a constant volume by an automated tap density 
tester (ETD- 1020, Electrolab, Mumbai, India), at 500 taps per minute. For the tapped density, ߩ௧, the mean and 
standard deviations from triplicate measurements of the samples were recorded and calculated as: 
 
ߩ௧ ൌ ெ௏೟ ሺʹሻ  
Where,  ௧ܸ denotes the volume of the powder bed at 500 taps. 
 
2.3. Carr Index  
 
From Carr (1965), Carr Index (Carr I) was calculated as the difference between the tapped and bulk densities 
divided by the tapped density as shown below: 
 
ܥܽݎݎܫ ൌ ఘ೟ିఘ್ఘ೟ ൈ ͳͲͲሺ͵ሻ  
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Carr I between 5 and 15% indicate an excellent flow, while Carr I value above 25% indicates poor flowability 
(Carr, 1965).  
 
2.4. Hausner ratio 
 
The Hausner ratio (HR) from (Hausner, 1967) was calculated as tapped density divided by bulk density:  
 
ܪܴ ൌ ఘ೟ఘ್ ሺͶሻ  
According to (Hayes, 1987), HR between 1.0 and 1.10 shows a powder that is free flowing, HR between 1.11 and 
1.25 shows a powder that is considered to be medium flowing. When the HR is between 1.26 and 1.4, the powder is 
considered to be difficult to flow, and for HR greater than 1.4, the powder is considered to be very difficult to flow. 
Table 1. Material properties of L. pumila powder. 
Material properties Values 
Mean particle size (μm) 9.2 (±0.9) 
Bulk density, ρb (kg/m3) 306.4 (±1.1) 
Tapped density, ρt (kg/m3) 523.3 (±8.4) 
Moisture content (%) 8.2 (±0.1) 
Carr index, Carr I (%) (Carr 1965) 41.4 (±0.9) 
Hausner’s ratio, HR (Hausner 1967) 
Flowability (Carr 1965; Hausner 1967) 
1.71 (±0.1) 
Very difficult flow 
 
 
Fig. 1. SEM image of L. pumila powder. 
2.5. Die compaction and tabletting 
 
INSTRON 5566 (CANTON MA, USA) machine with maximum allowable load of 10.0 ± 0.2 kN was used to 
compress L. pumila powder into tablets. 0.5 and 0.7 r 0.1g  weights of herbal feed powder samples were placed in a 
13 mm diameter cylindrical stainless steel uniaxial die and compressed with compression speed of 5 mm min-1. The 
weights of feed powders were chosen for ease of usage of obtained tablets as oral dosage. The compressed powder 
was ejected from the die when the force set was reached and the upper punch stopped and returned to its starting 
position. The force and the cross-head displacement were recorded by a compatible computer software programme 
“Merlin” (Instron 5566, Canton MA). All the tablets were tableted to an ultimate imposed normal stress ranging 
between 7.5 and 25 MPa. The tablets thickness was measured using a micrometer (Mitutoyo, Japan) with ±0.01 mm 
accuracy upon decompression and ejection. Polyethylene bags were used to wrap all the numbered tablets and 
placed in desiccators in order to control the moisture content of the tablets. The produced tablets rested for at least 
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24 hours after compaction for stable elastic recovery and strengthening before tensile strength testing was carried 
out. L. pumila samples were compacted at various loads ranging from 4 to 9.8 ± 0.1 kN. 
 
2.6. Surface roughness tests 
 
A surface roughness tester (Mahr Perthomter S2, Germany) was used to measure the roughness of the top and 
bottom surfaces of the compacted tablets of 0.5 g and 0.7 g weights. Measurements of both the top and bottom 
surfaces of the tablets were performed in triplicate with each reading recorded to two places of decimal, the average 
of the three readings were taken as the average surface roughness (Ra) of the top and bottom surfaces of the tablets 
respectively. The surface roughness is usually measured as the arithmetic average of the total value of the roughness 
profile ordinates. Typical surface roughness parameter is defined in the relations below (Seitavuopio et al., 2003) 
 
ܴ௔ ൌ  ଵ௅ ׬ ȀܼሺݔሻȀ݀௫
௅
଴ ሺͷሻ  
where Ra is the arithmetic average surface roughness or average deviation in Pm, Z is the height of the surface above 
the mean line at a distance (m) ݔ from the origin and L is the overall length of the profile under examination (m). 
ܼሺݔሻ = profile ordinates of the roughness profile. 
 
2.7. Tensile strength tests 
 
 A diametrical compression test was used to measure the tensile strength of the tabletted samples (Newton et al., 
1971). This test is an indirect tensile strength test that suits soft and fluffy materials. The test was done on universal 
testing machine where forces were applied until an ultimate tensile failure in form of a small crack appeared in the 
tablets. The loading rate was  5 mm/min, and no padding was used between the platens and the tablets. The tensile 
strength ɐ௧ was then calculated according to (Newton et al., 1971): 
 
ߪ௧ ൌ ଶி೟గௗ் ሺ͸ሻ      
where, ܨ௧denotes tensile force (N); ݀ denotes the diameter of the tablet (m) and T denotes the thickness of the tablet 
 
2.8. Flow measurements 
 
The flow measurement of L. pumila powder was done using a powder flow analyzer (TA.HD plus, Stable Micro 
Systems, Surrey, UK). It has a vertical glass container (120 mm height and 50 mm internal diameter) and a rotating 
blade (48 mm diameter and 10 mm height), the rotating blade moves up and down, in clockwise or anticlockwise 
cycle (Landillon et al., 2008). The flow measurements of the powder was ensured by the movement of the cycling 
blade inside the container that has the powder sample (Mukherjee and Bhattacharya , 2006).  
 
2.8.1. Cohesion, powder flow speed dependency (PFSD) and caking tests 
 
Two quality control parameters measured during cohesion tests are cohesion coefficients and cohesion index. 
Two conditioning cycles precedes one testing cycle to measure the cohesion behavior of the sample. Cohesion 
coefficient is measured at decompression phase at 50 mm s-1 speed as the blade moves upwards through the powder 
column. Exponent 32 software (TA.XTplus, Stable Micro Systems, Surrey, UK) calculates cohesion coefficient. 
Cohesion coefficient divided by sample weight gives cohesion index. Low cohesion index means non-cohesive free 
flowing powders, while high cohesion index means cohesive poor flowing powders (Landillon et al., 2008). 
PFSD gives vital information about the speed flow characteristics of a powder which is highly essential in a 
production environment. For PFSD test, two conditioning cycles precedes 5 sets of 2 cycles at intensifying speeds 
(10, 20, 50 and 100 mm s-1) and then the final 2 cycles at 10 mm s-1. Compaction coefficients (g mm) are measured 
for each compaction cycle (at progressive tip speed of 10, 20, 50 and 100 mm s-1) by integrating positive areas under 
the force/distance curve made as the blade of the flow analyzer strikes upward and downward in clockwise and 
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anticlockwise direction (Landillon et al., 2008). PFSD test quantifies resistance of a powder sample as measured 
flow is imposed at different speeds. Freely flowing powder will transmit minor resistance through the powder 
column in an upward or downward direction. Also, cohesive powders show significant resistance through the 
powder column in either direction. As test speed increases with increase in compaction coefficient, it indicates an 
increase resistance to flow by the powder which means that the powder is flow speed dependent. Insignificant or no 
change of the compaction coefficient with flow speed indicates that the powder is flow speed independent. When the 
compaction coefficient decreases with increasing flow speed, it indicates that powder is freer flowing as flow speed 
increases. The ratio of compaction coefficients measured during the first and last compression phases at 10 mm s-1 
gives the flow stability index. A powder is said to have undergone changes during the test if the flow stability index 
value is less than or greater than 1. Flow stability index value close to 1 means that the powder did not significantly 
alter while the test was in progress. PFSD test also give important data on the attrition characteristics of the powder. 
 Caking is a process of powder transformation from amorphous state to sticky state often accompanied by loss of 
functionality and quality of the powder (Aguilera et al., 1995). Cake strength can be influenced by packing 
efficiency, particle to particle interactions and moisture content. During the caking tests, the blade levels the powder 
surface and compresses the powder column to a specified force. Caking test has five compaction cycles and at each 
cycle a change in column height is measured. Texture Exponent 32 software (TA.XTplus, Stable Micro Systems, 
Surrey, UK) helps to calculate the cake strength and the mean cake strength. Powder with high tendency of caking 
will result in strongly increasing cake height ratio which is a change in column height with compaction cycle. 
Powders with little or no propensity to cake will show no change in cake height ratio (Benkovic and Bauman, 2009). 
During caking tests, column and cake height ratios, cake strength and mean cake strength are measured parameters . 
 
3. Results and discussion 
 
3.1. Density-pressure relationship 
 
The relationship between compaction pressure and density for 0.5 g and 0.7 g of L. pumila powder compressed 
from 7 to 25 MPa is shown in Fig. 2. Compaction pressure is directly proportional to density of the powder. The 
compacted powder density was influenced by the weight of feed powder. There was volume decrease with increase 
in tableting production pressure. Hence, higher compaction pressure produced stronger and more coherent tablets. 
Fig. 2 clearly shows that feed quantity can highly influence the compression behavior of the powders. This result 
corresponded with that of (Yusof et al., 2010) for compaction pressure of 0.8, 1.0 and 1.5 g of Andographis 
paniculata (A. paniculata) powder into tablets.  
 
3.2. Tensile strength 
 
From Fig. 3, the tensile strength of tablets was directly proportional to compaction pressure for both 0.5g and 
0.7g feed powder quantities of L. pumila. A clear linear relationship existed between the compaction pressure and 
tensile strength of L. pumila and corresponded with the results of (Newton et al., 1971) and (Newton et al., 1972) on 
their work on lactose monohydrate and dextrose made from starch respectively. The tensile strength however, 
increased with increase in feed powder quantities and this result corresponded with the findings of (Yusof et al., 
2010) on their study on compaction pressure, wall friction and surface roughness upon compaction strength of A. 
paniculata at different weight, they observed that 1.5g feed powder had a higher tableting strength than 1.0g weight 
of feed powder, and the least strength was observed with 0.8g of feed powder. Generally, particle sizes and shapes 
of the powder can influence the contact surface area of the powder which can in turn influence the tensile strength of 
a tablet (Li et al., 2004). Finer particle sizes resulted in broader particulate size distribution and more angular 
particle shape which lead to a bigger contact surface area between particles and die wall (Li et al., 2004). Reducing 
powder particle size may increase its surface area per unit mass with decreasing porosity thus, increasing bulk 
density  (Fitzpatrick et al., 2004), and the tensile strength of the powder (Li et al., 2004). Powders with hygroscopic 
behavior may also have a tendency to absorb moisture from the air and these can increase their cohesive 
characteristics (FMC, 2009). This is due to increase in liquid bridges and capillary forces acting between the 
particles (Scoville and Peleg, 1981). Increasing the moisture content of food powders may increase the formation of 
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particulate solid bridges resulting in increase cohesion and decrease in powder flow (Teunou and Fitzpatrick, 2000; 
Iqbal and Fitzpatrick, 2006). 
 
Fig. 2. The power trend lines for compaction pressure versus density at different weights of compacted L. pumila powder. 
 
 
Fig. 3. The linear trend lines for compaction strength versus compaction pressure at different weights of compacted L. pumila powder. 
   
                
Fig. 4. Ra versus compaction pressure for 0.7g of compacted L. pumila powder. 
3.3. Surface roughness 
 
The average surface roughness Ra for L. pumila tablets is shown in Fig. 4 above. The bottom surface roughness 
of the tablets was seen to be higher than the top surface roughness compressed at 7.5 to 25 MPa. This result 
confirmed the work of (Özkan and Briscoe, 1996) that the bottom surface profiles are rougher than the upper surface 
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profile of compacted alumina agglomerates of compaction pressures of 7.4, 18.5 and 37.0 MPa. Compaction stress 
was not fully transmitted to the bottom punch due to friction (Salako et al., 1998). The Findings of (Riippi et al., 
1998) on compaction of erythromycin acistrate powder also supported these. Fig. 4 also showed the surface 
roughness Ra of tablets to increase with increase in feed powders for both 0.5 g and 0.7 g at similar compaction 
pressures. It means that smaller feed and higher force contributed to smoother surfaces of tablets as more inter-
particles contact may occur. Hence, powders with finer particle sizes and shapes when subjected to compaction 
stress will result in smoother tablets due to reduction in porosity, increased surface area per unit mass, increased 
bulk density of the powder and increase in compaction strength compared to powders with larger particle fractions. 
 
3.4 Flow measurements 
 
Table 2 shows the flowability measurement of L. pumila powder measured with the use of powder flow analyzer. 
The flow behavior of L. pumila  was cohesive based on the cohesion index (CI) of 15.7(±0.5) when compared with 
the categorization scale of CI by (Benkovic and Bauman, 2009). This cohesive nature of the powder based on CI 
was in line with the material properties of L. pumila powder (Table 1), the Carr index of 41.4 (±0.9) and Hausner 
ratio, HR of 1.71 (±0.1) prove the powder to be very difficult to flow  (Carr, 1965; Hausner, 1967). The difficult 
flow nature of L. pumila powder was due to its very small particle size of about 9.2(±0.9)μm (Table 1). This result 
confirmed that of (Fitzpatrick et al., 2004), on flow property measurement of food powders. They observed that the 
difficult flow nature of many powders may be because of smallness in powders particle sizes. Moisture content and 
particle size can have a couple effects on powder flowability (Fitzpatrick et al., 2004). Reducing the particle size and 
moisture content of a particular powder may tend to reduce powder flow because particle surface area per unit mass 
has increased providing a greater surface area for surface cohesive forces to interact resulting in more cohesive flow 
(Fitzpatrick et al., 2004). Also, increase in moisture content tend to make powders cohesive, however, above certain 
moisture content, the moisture may act as a lubricant and improve the flow. Cake strength and mean cake strength 
result of L. pumila powder using the powder flow analyzer can be seen from Table 2. Cake strength and mean cake 
strength were seen to be high when compared with the result of (Benkovic and Bauman, 2009), on their work on 
flow properties of commercial infant formula powders. This result of high cake strength for L. pumila was a further 
prove that smaller particle size of powders  provided a greater surface area for surface cohesive forces to interact 
thereby making the powder to increase in cake strength (Fitzpatrick et al., 2004; Teunou et al., 1999;  Rennie et al., 
1999). 
                Table 2. Flow properties of L. pumila powders. 
Cohesion 
index (CI) 
Flow 
behavior 
Flow stability Cohesion coefficient     
50 mm s-1 
Caking strength      
(g mm) 
Mean cake strength   
(g mm) 
15.7 (±0.5) Cohesive 0.95 (±0.04) 750.4 (±40.2) 4954 (±54) 215 (±13) 
              * (standard deviation values are in brackets) 
4. Conclusions 
Material properties of L. pumila powder such as particle size was seen to affect the flowability of the powder as 
fine nature of the powder particle size resulted in their difficulty to flow. Density and tensile strength of L. pumila 
tablets was directly proportional to compaction pressure. The surface roughness of L. pumila tablets was higher in 
the bottom than the top due to losses in compaction stress transmission from top to bottom of  tablets. Flowability of 
L. pumila powder was cohesive with a high cohesive index 15.7(±0.5). Carr index and Hausner ratio results showed 
that the powder was very difficult to flow. The powder also had a high cake strength making it to be cohesive. 
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